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Abstract- A small introduction of Impatt diodes is presented. Then the measurement of impedences are taken at different 
frequencies and are compared. For comparison a noise figure of 20dB is taken into consideration. The area of diode taken 
is  10^-4  cm^2.  The  input  power  given  is  50000  watts  per  square  cm.  At  the  end  ,  graphs  are  plotted  showing  the 
variations. From the graph we can say the variation of impedances with various parameters and from the we can get an 
idea about noise.  
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I. INTRODUCTION 
The variation of impedences in Impatt diodes at high frequencies is presented in this paper.  This is done in 3 
steps 
1.  Variation of impedence (La) with dc current (Idc) 
2.  Variation of conductance (Ga) with dc current (Idc) 
3.  Variation of capacitance (Ca) with separating distance (Da). 
 The paper starts with a small introduction to Impatt diodes , their properties , characteristics and the different effects 
observed  in them. 
To keep things simple , a one dimensional model of the diode is treated. The hole and electron velocities are taken to 
be ideally saturated. End regions effects are not included in the problems but are included in noise measurements. 
 
II.  IMPATT DIODE 
Impatt diode is form of a high power diode used in electronics and microwave devices. The their high breakdown 
fields.  They  operate  at  frequencies  between  3  and  100  Ghz  or  more.    A  main  advantage  is  their  high  power 
capability. These diodes are used in a variety of applications from low power radar systems to alarms. A major 
drawback of using Impatt diodes is the high level of phase noise the generate. This results from the statistical nature 
of  the avalanche process. Nevertheless these diodes make excellent microwave generators for many applications. 
III.  DEVICE STRUCTURE 
The Impatt diode family consist of many different junctions and semiconductor devics. The first Impatt oscillation 
was obtained from a simple silicon pn junction diode biased into a reversed avalanche breakdown and mounted into 
a microwave cavity. Because of the strong dependence of ionization coefficient on the electric field, most of the 
electron hole pairs are generated in the high field region. The generated electron immediately moves in the N region, 
while the generated hole moves in the P region. The time required by the hole to reach the constant constitutes the 
time delay. An Impatt diode is generally mounted in a microwave package. The diode is mounted with its high field IJECSE,Volume1,Number 4 
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region  close  to  copper  heat  sink  so  that  the  heat  generated  at  the  junction  can  be  properly  dissipated.  Simlar 
microwave packages are used to house other microwave packages.  
 
IV. PRINCIPLE OF OPERATION :IMPACT IONIZATION 
If a free electron with suffiecient energy strikes the silicon atom it can break the covalent bond of silicon and 
liberate an electron from the covalent bond. If the liberated electron gains enery by being in an electric field an 
liberates other electrons from other covalent bonds then this process can cascade very quickly into a chain reaction 
producing a large number of electrons and a large current flow. This phenomenon is called impact avalanche. 
paragraphs must be indented.  All paragraphs must be justified, i.e. both left-justified and right-justified. 
At breakdown, the n-region is punched through and forms the avalanche region of  diode. The resistivity region is 
the drift zone through which the avalanche generated electrons move  towards the anode.  
Consider a dc bias VB, just short of that required to cause breakdown, applied to the diode. Let an AC voltage of 
sufficiently large magnitude be superimposed on the dc bias, such that during the positive cycle of the AC voltage, 
the diode is driven deep into the avalanche breakdown. At t=0, the AC voltage is zero, and only a small pre-
breakdown current flows through the diode. As t increases, the voltage goes above the breakdown voltage and 
secondary electron-hole pairs are produced by impact ionization. As long as the field in the avalanche region is 
maintained above the breakdown field, the electron-hole concentration grows exponentially with t. Similarly this 
concentration  decays  exponentially  with  time  when  the  field  is  reduced  below  breakdown  voltage  during  the 
negative swing of the AC voltage. The holes  
 
generated in the avalanche region disappear in the p+ region and are collected by the cathode. The electrons are 
injected into the i – zone where they drift toward the n+ region. Then, the field in the avalanche region reaches its 
maximum  value  and  the  population  of  the  electron-hole  pairs  starts  building  up.  At  this  time,  the  ionization 
coefficients have their maximum values. The generated electron concentration does not follow the electric field 
instantaneously because it also depends on the number of electron-hole pairs already present in the avalanche region. 
Hence, the electron concentration at this point will have a small value. Even after the field has passed its maximum 
value, the electron-hole concentration continues to grow because the secondary carrier generation rate still remains 
above its average value. For this reason, the electron concentration in the avalanche region attains its maximum 
value at, when the field has dropped to its average value. Thus, it is clear that the avalanche region introduces a 90° 
phase shift between the AC signal and the electron concentration in this region. With a further increase in t, the AC 
voltage becomes negative, and the field in the avalanche region drops below its critical value. The electrons in the 
avalanche region are then injected into the drift zone which induces a current in the external circuit which has a 
phase opposite to that of the AC voltage. The AC field, therefore, absorbs energy from the drifting electrons as they 
are decelerated by the decreasing field. It is clear that an ideal phase shift between the diode current and the AC 
signal is achieved if the thickness of the drift zone is such that the bunch of electron is collected at the n+ - anode at 
the moment the AC voltage goes to zero. This condition is achieved by making the length of the drift region equal to 
the wavelength of the signal. This situation produces an additional phase shift of 90° between the AC voltage and 
the diode current. 
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A. La vs Idc 
 
La=(Va*ta)/(3*m*Idc) 
 INDUCTANCE(La)  CURRENT(Idc) 
0.0004714  0.0025 
0.0004762  0.003 
0.0005159  0.0045 
0.0005333  0.005 
0.0005558  0.0056 
0.0005875  0.0064 
0.0006122  0.007 
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B.  Ga vs Idc 
 
Ga=(-m*Idc)/(5 Va) 
CONDUCTANCE(Ga)  CURRENT(Idc) 
0.0004715  0.00261 
0.0004798  0.0032 
0.0004971  0.0039 
0.0005159  0.0045 
0.0005550  0.0058 
0.0005832  0.0060 
0.0006081  0.0069 
V.  CA VS DA 
          
 
Ca=(epsilon*A)/Da  
Where epsilon = 1.42*10^-12 F/cm;  
 Area A=10^-4;Da=10^-4 
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CAPACITENCE(Ca)  LENGTH(Da) 
0.0004714  0.0025 
0.0004762  0.003 
0.0005159  0.0045 
0.0005333  0.005 
0.0005558  0.0056 
0.0005875  0.0064 
0.0006122  0.007 
 
 
CONCLUSION 
As the frequency becomes higher,impedence gets changed and therefore noise disturbances are increased. So basically we have 
plotted the graphs here showing  that change in frequency changes the inductance and capacitance and inturn showing the change 
in impedence in impatt diodes. 
Two n-p diodes germanium and silicon having same doping profile are compared. From above theory we can conclude that 
germanium structure gives lower minimum noise  than silicon diode. 
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